Introduction
With the rapid development of RFID system, small tag antennas are desired [1] . By now, many techniques such as changing the current path, loading the matched circuit, and using dielectric and magnetic materials have been proposed to miniaturize antennas [2] . Magnetic materials are lossy at high frequencies. Recently, however, the low loss magnetic materials are developed for the application in the UHF frequencies [3] .
In this paper, a rectangular loop antenna with a small loop located on the low loss magnetic plate for UHF RFID tag is numerically analyzed. In the numerical analysis, the electromagnetic simulator WIPL-D based on the Method of Moment is used [4] . Figure 1 shows the structure of the rectangular loop antenna located on the magnetic plate. A small loop is connected near the feed point of the rectangular loop for impedance adjustment. The thickness of antenna conductor is 0.1 mm. The relative permittivity and permeability of the magnetic plate are 9.79 and 2.16 -j0.05, respectively.
Antenna structure and analytical conditions
In the numerical calculation by WIPL-D, the magnetic material is assumed to be isotropic. The design frequency is 950 MHz and the calculation frequency is from 750 MHz to 1.25 GHz.
Numerical results
The wavelength within the magnetic material with the relative permittivity ε r and permeability μ r is expressed as follows. Therefore, the wavelength shortening rate depends on the product of the relative permittivity and permeability. Figure 2 shows the current distributions of the antenna in free space, located on a magnetic plate and a dielectric plate. The parameters of the antennas are L 1 = L 2 = 87 mm, w 1 = 2 mm, L 3 = L 4 = 8 mm, and w 2 = 2 mm. The relative permittivity of the dielectric plate is 21.1 -j0.488. This value is equal to the product of the relative permittivity and permeability of the magnetic plate. It can be observed from Figure 2 the wavelength of the current on the antenna located on the magnetic plate is equal to that on the antenna located on the dielectric plate.
As the input impedance of the IC chip is 30 -j108 Ω, the input impedance of the antenna should be adjusted to be 30 + j108 Ω at 950 MHz. Figure 3 Figure 5 shows the electric field radiation patterns of these antennas. The radiation patterns of both antennas are almost the same.
Conclusion
A rectangular loop antenna with a small loop on the low loss magnetic plate for UHF RFID tag has been analyzed numerically. The antenna size has been miniaturized by 76 % due to a magnetic plate. The radiation pattern of the miniaturized antenna is almost the same as that of the antenna without the magnetic plate. The experimental analysis of the proposed antenna will be left in the future. 
